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Abstract 
Compact PEM fuel cell system was developed for portable power generators. The power generator features a PEM 
fuel cell using a chemical hydride as a hydrogen source. The hydrogen generator extracts hydrogen using a catalytic 
hydrolysis from a sodium borohydride alkaline solution. A novel concept using an all-in-one reactor was proposed in 
which a catalyst, hydrogen temporary chamber and byproduct separator was included. In addition, the reactor as well 
as a pump, cooling fans, valves and controller was integrated in a single module. A 200 W PEM fuel cell stack was 
connected with the hydrogen generator and was evaluated at the various load conditions. Considering the fast 
response to a sudden power load, a hybrid power management of the fuel cell and battery was contrived. The fuel cell 
system had a high gravimetric energy density of 425 W-hr/kg. The capability of the developed fuel cell system was 
validated by applying to a small unmanned aircraft. The fuel cell-powered flight test was conducted, providing three 
times higher flight endurance compared to the existing batteries. 
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1. Introduction 
Portable power generator are being developed for unmanned aerial systems (UAS) in military missions 
such as soldier power sources, sentry robots, and small unmanned aerial vehicles (SUAVs) for aerial 
reconnaissance. Particularly, most SUAVs use secondary batteries as the power source because power 
plants such as gas turbines and reciprocating engines have low efficiency for small scale vehicles. Battery 
power offers SUAVs an endurance of 60-90 minutes. Aircraft endurance is an important factor for 
determining the mission duration; existing SUAVs will be not able to meet the military requirements for 
future conflicts because SUAVs do not currently operate with high endurance. This limited mission-
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duration is because the energy density of existing batteries is too low to power future unmanned systems 
such as SUAVs. Currently, the lithium-polymer batteries contained in UAS possess an energy density of 
200 W-hr/kg. Thus, in order to enhance the mission duration by 5 times the power source, an energy 
density of 1,000 W-hr/kg would be required. 
Many researchers regard fuel cells as an ideal power source alternative to existing batteries. Assuming 
a compressed hydrogen tank has only a 6% storage efficiency for hydrogen fuel cells, the energy density 
would be greater than 1,000 W-hr/kg. In addition, the fuel cell has many advantages in military 
applications. The fuel cell has a high thermal efficiency because of its electrochemical reaction rather than 
a combustion reaction, in the conversion path from chemical energy to electric energy. The fuel cell is a 
silent, reliable and safe device; moreover, it is eco-friendly. 
Current fuel cell power generators can be classified by fuel cell types and hydrogen storage methods. 
Polymer electrolyte membrane fuel cells (PEMFC), which uses hydrogen as the fuel, have been widely 
used due to its low operating temperature and relatively high power density. Compressed hydrogen has 
been the common hydrogen storage method of choice; however, this method has exhibited problems 
including high charge pressure and the low storage density. Also, supplying hydrogen to remote locations, 
such as a battlefield, was found to be difficult. AeroVironment, Inc. has integrated a fuel cell system that 
uses chemical hydride as the source of hydrogen into their unmanned aircrafts. The chemical hydride 
served as an alternative to compressed hydrogen [1]. 
Sodium borohydride (NaBH4) is used most commonly among the many chemical hydrides [2-3]. The 
NaBH4 is dissolved in water and the aqueous solution is stored in a fuel tank. Hydrogen, when needed, is 
extracted by a hydrolysis. This paper describes the design, construction and test results of the compact 
fuel cell system using chemical hydride as a hydrogen source for a portable power generator. 
2. Fuel Cell System 
2.1. System design 
The fuel cell system consisted of two main parts: a fuel cell stack and a hydrogen generator, as shown 
in Fig 1. A 200 W small lightweight stack with high power density was used and the hydrogen generator 
was reduced in volume by applying an all-in-one compact reactor. Hydrogen was generated by a catalytic 
hydrolysis reaction from a NaBH4 aqueous solution. The fuel cartridge was filled with 1 L of 20 wt%-
concentrated NaBH4 which contains the sufficient amount of hydrogen to generate the rate power of 200 
W for 4 hours.  
 
9 Lightweight PEMFC stack
9 High power density
9 All-in-one compact
9 High performance
9 High H2 storage density
9 Easy to replace
9 Storable at -30oC
 
Fig. 1. Fuel cell system with a lightweight PEMFC stack and chemical hydride hydrogen generator 
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Fig. 2. (a) SEM image of the catalyst for NaBH4 hydrolysis; (b) all-in-one compact hydrogen generator 
2.2. Fuel cell stack 
A compact and lightweight PEMFC (200 W, 35-cells) was used. Acryl end-plates were used to reduce 
the stack weight, not an aluminum material. The fuel cell stack was a self-humidified system that does not 
need an external humidifier, and the bipolar plates contain flow channels at the side of air electrode 
(cathode) and the hydrogen channels was replaced by a porous gauze. Thus, the weight and volume of 
stack were reduced. A single light-weight air-fan (5×5 cm) was installed on the stack for purpose of air 
supply and cooling.  
2.3. Hydrogen generator 
PEMFCs have employed gaseous hydrogen as the fuel. Gaseous hydrogen has a high specific volume; 
thus, hydrogen storage systems are generally bulky and heavy. An entire system’s energy density requires 
high density hydrogen storage, which is a very important aspect in portable power applications. In the 
present study, NaBH4 was used as chemical hydrogen storage. The NaBH4 was stored as an aqueous 
solution. When needed, hydrogen was generated by a hydrolysis reaction on a catalyst. 
The hydrogen generator developed in this study consisted of a NaBH4 cartridge, a pump, and a reactor. 
Using the pump, the NaBH4 solution was fed to the reactor and then reacted with a catalyst, generating 
hydrogen gas. The byproduct, NaBO2, was removed and deposited into a separate cartridge. Thus, only 
pure hydrogen was provided to the fuel. The pump and cooling fans were controlled as the temperature 
and pressure of the hydrogen generator changed. 
Pellet-shaped cobalt alumina was used as a catalyst for the NaBH4 hydrolysis reaction as shown in Fig 
2(a). The hydrogen generator was fabricated in a form of a detachable module taking the facilitation of 
maintenance and repair into consideration. In addition, the all-in-one compact hydrogen generator makes 
it possible for the fuel cell system to have high energy density. The fabricated hydrogen generator is 
shown in Fig 2(b). 
2.4. Power management system 
The fuel cell exhibited a large voltage drop as the electric load increased. Additionally, the fuel cell’s 
power output responded slowly to the sudden electric load. Thus, a power management system (PMS) is 
required that takes the load characteristics into consideration. In the present study, a hybrid fuel cell and 
battery PMS was designed. The PMS used a lithium-polymer battery (3-cells, 11.1 V, 30 C) that 
generated a maximum power of 300 W. The battery instantaneously provided power at the sudden 
increase of a load. While the load was low, the battery recharged using the surplus power of the fuel cell. 
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Fig. 3. Prototype fuel cell power generator 
2.5. Prototype fuel cell power generator 
Prototype of a fuel cell power generator was developed as shown in Fig 3 and the specification is also 
presented. The fuel cell can generate continuously a maximum power output of 200 W for 4.5 hours. 
Therefore, the energy storage capacity was 900 W∙hr. The weight of the fuel cell system was 1118 g. 
Hence, the fuel cell system had the gravimetric specific energy density of 425 W∙hr/kg; it is three times 
higher than an existing lithium-ion battery that has been widely used for portable devices. In addition, the 
system has a higher energy density compared to the portable direct methanol fuel cell system [4]. 
3. Conclusion 
A compact fuel cell system using a chemical hydrogen source for portable power generators was 
developed. The system consists of the hydrogen generator from NaBH4 alkaline solution using a catalytic 
hydrolysis and the lightweight fuel cell stack. The compact fuel cell system had a gravimetric specific 
energy density of 425 W∙hr/kg, which can provide a long duration not possible by existing batteries. 
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